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La energía total E = ET + EA+ ER 1 =(ET + EA+ ER)/E τ + α + ρ = 1

· τ (Transmitancia) es el porcentaje de energía que se transmite.

· α (Absorbancia) es el porcentaje de energía que se absorbe.

· ρ (Reflectancia) es el porcentaje de energía que se refleja.



http://profesor-rafazamora.blogspot.com.es/2011/11/lo-grande-y-lo-pequeno.html
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Ventanas espectrales de un ojo estándar (Domínguez 2012)
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Esun

Esky

Lp

Ls

Lv

Lb
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(Ortiz 1987)
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Lambert-Beer: Ed(λ,z) = Ed(λ,0-)·e-kd(λ)z

Ed(λ,z) Irradiancia incidente a la profundidad z y 
a la longitud de onda λ.

Ed(λ,0-) Irradiancia a la superficie interior del 
agua (z=0)   y a la longitud de onda λ.

Kd (λ) coeficiente de atenuación difusa a la 
longitud de onda λ. Es la disminución de la 
irradiancia ambiental en el medio acuático.

La ley de Lambert-Beer se puede expresar en 
función del espesor óptico ζ=kd(λ)z

Ed(λ,z) = Ed(λ,0)·e-ζ

Comportamiento de la Energía en el Agua
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Comportamiento de la Energía en el Agua

Ley Lambert-Beer: (Ed(λ,z)=Ed(λ,0)exp(-kd(λ)z))

Kd a 430 nm en el punto 5 de  la laguna de 
El Campillo (31 de julio de 2000) 
(Domínguez, 2002)

3.- PROPIEDADES ÓPTICAS DEL AGUA



http://hercules.cedex.es/Ecosistemas/TeleCongresos/AEL%20pres%20GIGLM.pdf
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Comportamiento de la Energía en el Agua

http://hercules.cedex.es/Ecosistemas/TeleCongresos/2wCHPa04.pdf

Protocolos NASA (Fargion & Muller 2000) 
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Comportamiento de la Energía en el Agua

http://hercules.cedex.es/Ecosistemas/TeleCongresos/2wCHPa04.pdf

Protocolos NASA (Fargion & Muller 2000) 
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EVALUACIÓN DE IMÁGENES WORLDVIEW2 PARA EL ESTUDIO D E LA CALIDAD DEL AGUA (Valentín, 2012)
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Propiedades Ópticas Inherentes a, bb, c

(Domínguez et al, 2011)
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Relación entre Propiedades 
Ópticas Inherentes y Aparentes

Modelo de Simulación de Monte Carlo

(Kirk 1984)
R(0-, λ) = r1 (bb/bb+a)   (Gordon et al 1975)

(Kirk 1984)

R(0+)/R(0-)=0.544
(Austin, 1980; Kirk, 1994; Kutser et al, 2006)
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MACROALGAS Y 
VEGETACIÓN 
BENTONICA

Proyecto SARGAL Muestreo en Ría de Vigo 2008

- Bentónica y  Fondo � Medidas Auxiliares 

R(0-,H)= R-
∞ + (Rb-R-∞)·exp[(kd+κu)Z]

(Austin,2004)
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Remote Sensing as a tool for the management of Spanish Aquatic Ecosystems

Wetlands

Reservoirs
Coastal Areas

Workshop 10th to 12th December 2012 

Rivers
Lakes 
Lagoons 
Ponds
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Benthic Cyanobacteria Thematic Mapper
using Unmanned Aerial Vehicle (UAV)

NDVI (LANDSAT 30 m)

NDVI  (UAV 3 cm)

Water
Rock

TETRACAM 
CAMERA

Vegetation

Paper on Draft
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Remote Sensing as a tool for the management of Spanish Aquatic Ecosystems

Metodology

Processing 
Images

Development and 
Validation Algoriths

Atmospheric 
Correction

Field Data 
Campaing

Management

Spectral
Library

Data 
Laboratory

(HPLC, [SS]...)

Images
Library

Data 
Base

Reports

Decision
Making

Workshop 10th to 12th December 2012 
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¿Objetivo? � Planificación

- Corrección Atmosférica � ¿Sensor y Plataforma?

- Validación de Corrección Atmosférica � ¿Sensor y Plataforma?

- Cartografía Temática

- Bentónica y  Fondo � Medidas Auxiliares 

- Calidad de Agua � Medidas Auxiliares 
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Remote Sensing as a tool for the management of Spanish Aquatic Ecosystems 

Field Data Campaing: Spectral Library.Reflectance
Protocolos NASA (Fargion & Muller 2000) 

http://hercules.cedex.es/Ecosistemas/TeleCongresos/ 2wCHPa04.pdf

http://www.aet.org.es/revistas/revista36/Numero36_07.pdf

CEH-CEDEX 
Instruments

Environment Water Andalusian
Agency (AMAYA)  Instruments

Workshop 10th to 12th December 2012 
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Remote Sensing as a tool for the management of Spanish Aquatic Ecosystems 

Field Data Campaing: Spectral Library. Kd, Ku

Workshop 10th to 12th December 2012 
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Remote Sensing as a tool for the management of Spanish Aquatic Ecosystems 

Field Data Campaing:Data Laboratory (HPLC, [SS]...)

Workshop 10th to 12th December 2012 

http://hercules.cedex.es/Ecosistemas/Laboratorios.htm
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Remote Sensing as a tool for the management of Spanish Aquatic Ecosystems 

DATA BASE

Workshop 10th to 12th December 2012 
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Remote Sensing as a tool for the management of Spanish Aquatic Ecosystems 

DEVELOPMENT AND VALIDATION ALGORITHMS
MERIS Reflectance bands

Workshop 10th to 12th December 2012 
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DEVELOPMENT AND VALIDATION ALGORITHMS

Workshop 10th to 12th December 2012 
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Remote Sensing as a tool for the management of Spanish Aquatic Ecosystems 

PROCESSING IMAGES

Workshop 10th to 12th December 2012 
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PROCESSING IMAGES

Workshop 10th to 12th December 2012 

4.- TELEDETECCIÓN EN ECOSISTEMAS ACUÁTICOS



Remote Sensing as a tool for the management of Spanish Aquatic Ecosystems 

RESULTS: RESERVOIRS

http://hercules.cedex.es/Ecosistemas/09Dic.pdf

Workshop 10th to 12th December 2012 
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RESULTS: RESERVOIRS

Workshop 10th to 12th December 2012 

http://hercules.cedex.es/Ecosistemas/09Dic.pdf
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RESULTS: RESERVOIRS

Workshop 10th to 12th December 2012 

http://hercules.cedex.es/Ecosistemas/09Dic.pdf
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RESULTS: RESERVOIRS

Workshop 10th to 12th December 2012 

http://hercules.cedex.es/Ecosistemas/09Dic.pdf
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Remote Sensing as a tool for the management of Spanish Aquatic Ecosystems 

RESULTS: RESERVOIRS

Workshop 10th to 12th December 2012 

http://hercules.cedex.es/Ecosistemas/09Dic.pdf
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Remote Sensing as a tool for the management of Spanish Aquatic Ecosystems 

RESULTS: RIVERS
MONITORING GUADALQUIVIR RIVER:                                  

LANDSAT and WORD VIEW 2

Workshop 10th to 12th December 2012 
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Remote Sensing as a tool for the management of Spanish Aquatic Ecosystems 

RESULTS: WETLANDS

Workshop 10th to 12th December 2012 

http://hercules.cedex.es/Ecosistemas/IGARSS2008.pdf
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Remote Sensing as a tool for the management of Spanish Aquatic Ecosystems 

RESULTS: COASTAL AREAS

http://www.aet.org.es/revistas/revista36/Numero36_07.pdf

Workshop 10th to 12th December 2012 
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Remote Sensing as a tool for the management of Spanish Aquatic Ecosystems 

RESULTS: COASTAL AREAS

Workshop 10th to 12th December 2012 
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Remote Sensing as a tool for the management of Spanish Aquatic Ecosystems 

REPORTS & PAPERS

http://hercules.cedex.es/Ecosistemas/teledeteccion.htm

Workshop 10th to 12th December 2012 
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https://www.boe.es/doue/2000/327/L00001-00073.pdf
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MANAGEMENT

Workshop 10th to 12th December 2012 
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http://www.lifeaguas.es/theme/lifeaguas/files/pdfs/Layman_LIFE_AG_UAS_es.pdf
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http://www.zumain.es/

Proyecto de I+D INTELECTA

Muestreo 29 Octubre 2014

6.- CONCLUSIÓN



Remote Sensing as a tool for the management of Spanish Aquatic Ecosystems 

NOW

Workshop 10th to 12th December 2012 

PI: Dra Elena Castillo (elena.castillo@unican.es)

HYPERSPECTRAL AISA-EAGLE IMAGES (18/07/2010)
AIRES-CZM EUFAR Project
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FUTURE

Workshop 10th to 12th December 2012 
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